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ABSTRACT
To investigate effects of endotoxin on allergic airway
diseases, we studied bronchial responsiveness to
histamine (HI) and substance P (SP) in actively
sensitized and non-sensitized guinea pigs 24 h after
exposure to endotoxin (75 uq/rnl.: 40 min) and its
vehicle, saline. Bronchial responsiveness to HI and SP
was assessed by calculation of -log PC250 HI and -log
PC250 Sp' respectively, where the PC250 is the
provocative concentration producing a 250%
increase in lung resistance. Endotoxin increased
bronchial responsiveness to SP but not to HI and
caused airway inflammation characterized byaccumu-
lation of neutrophils in bronchoalveolar lavage fluid
(BALF) without increasing SP-induced airway
microvascular leakage assessed by the extravasation
of Evans blue dye. The actively sensitized animals
showed a tendency to increase the value of -logPC25o
SP (P < 0.1) compared with that of non-sensitized
control animals. To elucidate the mechanisms
underlying preferential bronchial hyperresponsive-
ness to Sp' neutral endopeptidase (NEP) activities in
the airways were measured. Neutral endopeptidase
activities were significantly decreased in actively
sensitized animals and were further decreased in
endotoxin-exposed animals. There was a significant
inverse correlation between NEP activity and
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bronchial responsiveness to SP (r = -0.55; P <
0.001), while no such relationship was observed for
HI. These data suggest that NEP mediates endotoxin-
induced bronchial hyperresponsiveness to SP and
that active sensitization may affect bronchial respon-
siveness to SP in guinea pigs.
Key words: active sensitization, bronchial hyper-
responsiveness, endotoxin, histamine, neutral endo-
peptidase, substance P.
INTRODUCTION
Endotoxin is a potent pro-inflammatory lipopoly-
saccharide (LPS) of the outer membrane of Gram-
negative bacteria. Gram-negative bacteria are normally
present in the oral and nasal cavities 1 and their endotoxin
is detected in the environment, including house dust.?
domestic woter' and air humidifiers." Bronchial hyper-
responsiveness (BHR) is a major characteristic feature of
bronchial osthrnc." Endotoxin has been reported to cause
BHR to histamine (HI) in asthmatic subjects" and the
clinical severity of asthma correlates to the level of
domestic endotoxin."
There are, however, several contradictory reports
about the effects of endotoxin on bronchial respon-
siveness to HI in guinea-pigs. Jarreau et 01. 8 have
reported that endotoxin induced BHR to HI 4 h after
LPS inhalation, whereas Folkerts et 01. 9 have reported
that bronchial responsiveness to HI was reduced 24 h
after LPS inhalation. The protective effect of endotoxin
on antigen-induced bronchoconstriction has been also
reported in the actively sensitized guinea piq.!" The
different pathophysiological mechanisms underlying
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endotoxin-induced airway effects on allergic airway
diseases remain to be determined.
Substance P (SP) is an endogenous neuropeptide
tachykinin that is released from capsaicin-sensitive nerves
and causes bronchoconstriction and airway microvascu-
lar leokcqe.!' Evidence has been accumulated to support
the possibility that SP may be involved in neurogenic
inflammation contributing to airway diseases, such as
csthmc.'? Because SP is degraded predominantly by
neutral endopeptidase (NEP),13 which is localized in
airway tissue.!" the level of NEP activity may be an
important determinant of bronchial responsiveness to SP'
Pro-inflammatory agents, such as toluene diisocyanate
(TDI),15 cigarette smoke 16 and viral infection.'? are known
to induce BHR to SPthrough the inactivation of NEP in the
airways. In connection with endotoxin, Jarreau et 01. 8
have recently shown that capsaicin-sensitive nerves were
involved in LPS-induced BHR in guinea pigs.
While Vincent et 01. 18 have reported that the LPS-
induced airway microvascular leakage (AML) and the
BHR to serotonin were dissociated in guinea pigs, there
still remains the possibility that changes in SP-induced
AML may affect bronchial responsiveness to SP after
endotoxin exposure.
In the present study, we examined bronchial respon-
siveness to HI and SP 24 h after endotoxin exposure in
actively sensitized and non-sensitized guinea pigs. We
hypothesized that endotoxin may augment bronchial
responsiveness to SP through an inactivation of NEP in
the inflammed airways and that the active sensitization
may modulate endotoxin-induced airway effects.
Attempts were also made to clarify the influence of SP-
induced AML on endotoxin-induced changes in bronchial
responsiveness to Sp' using the Evans blue dye
extravasation technique.
METHODS
Sensitization procedure
Specific pathogen-free male Dunkin-Hartley guinea pigs
(Imai Dobutsu Co., Saitama, Japan) weighing 300-
400 g were actively sensitized with ovalbumin according
to the method of Pretolani et 01. 19 Animals were injected
intraperitoneally twice with 0.5 mL saline (0.9%)
containing 10 J..lg ovalbumin dispersed in 1 mg
aluminum hydroxide (AI(OHh) at 2 week intervals.
Control animals were treated with AI(OHh alone.
Animals were used for the experiments 7 days after the
second injection. To check if the sensitization procedures
were done properly, some animals were chosen to be
challenged to aerosolized ovalbumin and developed
respiratory distress.
Exposure to endotoxin
Animals were placed in a plexiglas box and were exposed
to an aerosol of a control solution (saline) or an
endotoxin solution containing LPS (75 uq/rnl, saline) for
40 min 24 h before the experiments, according to the
methods of Folkerts et af.9 Aerosols were generated by a
jet nebulizer (Model 646; DeVilbiss Co., Somerset, PA,
USA) with an airflow rate of 6 Llmin.
Animal preparation and measurement of lung
function
Animals were anesthetized with urethane (1.5 g/kg, i.p.).
A cannula was inserted into the trachea through a
tracheostomy and was secured with a suture. A catheter
was inserted into the right carotid artery to monitor
systemic mean blood pressure (BP) with a pressure
transducer (COBE®; Co be Laboratories, Lakewood, CO,
USA). Another catheter was inserted into the left jugular
vein for the intravenous administration of drugs. All
animals used were pretreated with propranolol (1 mg/kg,
i.v.) and atropine (1 mg/kg, i.v.) 10 min before HI or SP
challenge in order to eliminate adrenergic and
cholinergic effects, respectively. Animals placed in a
plethysmograph box with a pneumotachograph were
ventilated with room air via a tracheal cannula using a
constant volume ventilator (model 683; Harvard
Apparatus, South Natick, MA, USA). The tidal volume
was set to 10 mLlkg and the frequency was set at 60
breaths/min. Lung resistance (RL) was determined by a
pulmonary mechanics analyzer (model 6; Buxco
Electronics, Sharon, CT, USA) and was calculated from
airflow and the pressure of ventilation measured by
transducers (type DP45-14 and DP45-28, respectively;
Validyne Engineering Corp., Northridge, CA, USA).
Cell count and differentiation in
bronchoalveolar lavage fluid
After measurement of lung function parameters, guinea
pigs were administered an overdose of pentobarbital
sodium (100 mg/kg, i.v.) and lungs were lavaged with
5 mL aliquots of saline five times through a poly-
ethylene tube introduced through the tracheostomy.
Bronchoalveolar lavage fluid (BALF) was centrifuged
(500 9 for 10 min at 4°C) and the cell pellet was
resuspended in 1.0 mL of 0.9% saline. Total cell counts
were made by adding 10 J..lL cell suspension to 90 J..lL
Turk solution stain and counting in a Neubauer chamber
(American Optical Corp., Southbridge, MA, USA) under
a light microscope. Differential cell counts were made
from smeared preparations stained by May-Grunwald
Giemsa stain. Cells were identified as macrophages,
neutrophils, eosinophils, lymphocytes and epithelial cells
by standard morphology and 500 cells were counted
under 400 X magnification and the percentage and
absolute number of each cell type was calculated.
Measurement of NEP activity
After bronchoalveolar lavage, the trachea and lungs
were dissected out en bloc. The lung parenchyma was
carefully scraped off and the tracheobronchial tree was
stored at -80°C for the later measurement of NEP
activity. We measured NEP activity using a modification
of the procedure of Florentin et al.20 Briefly, stored tissue
was homogenized for 15 s twice in 15 mL of 50 rnrnol/L
Tris-HCI buffer (pH 7.4) using a Polytron homogenizer
(Fisher Scientific, Springfield, NJ, USA). The homogenate
was centrifuged at 800 9 for 10 min. The meshed
supernatant was recentrifuged at 40 000 9 for 20 min.
The resulting pellet was resuspended in 50 rnrnol/L
Tris-HCI buffer (pH 7.4) and was used as the enzyme
source. All assay steps were performed at 4°C. Protein
determinations were performed according to the
methods of Lowry et al.21 using bovine serum albumin
(BSA) as a standard. Fifty microliters of sample, 2 J..lL of
1 rnrnol/L captopril, an angiotensin-converting enzyme
inhibitor, and 100 J..lL of 50 urnol/L N-dansyl-D -alanyl-
glycyl-p-nitrophenylalanylglycine (DAGNPG) were
incubated with or without 2 J..lL of 1 rnrnol/L phosphora-
midon, an NEP inhibitor, for 30 min at 3JOC in a water
bath with constant shaking. Enzymatic reactions were
stopped by incubation for 10 min at 90°C. This sample
was diluted with 1.25 mL of 50 rnrnol/L Tris-HCI buffer
(pH 7.4) and was centrifuged at 12 000 9 in a
microcentrifuge for 5 min. One milliliter of the super-
natant was applied for the reading of fluorescence with a
spectrofluorophotometer (650-1 OS; Hitachi Co., Tokyo,
Japan) at 'Aex = 342 nm, 'Aem = 562 nm. The difference
in fluorescence values in samples incubated with or
without phosphoramidon was calculated and trans-
formed into NEP activity as fmol/mg protein per min
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using a standard curve made with a recombinant human
NEP. These procedures were performed in triplicate.
Measurement of airway microvascular leakage
Animals weighing 400-600 g were prepared as
described earlier. After measuring the baseline RL value,
Evans blue dye (20 mg/kg) was injected slowly i.v. for 1
min, then 3 nmol!kg SP was administered i.v. in a bolus
shot. Both RL and BP were recorded every 15 s for 5 min
after the injection of SP. After measurement of lung
function, the chest was opened, both atria were incised
for drainage and a cannula was inserted into aorta
through the left ventricle. Saline was perfused through
this cannula at a pressure of 100-120 mmHg to elimi-
nate dye within the bronchial circulation. After 90 s of
perfusion of the systemic circulation, a cannula was
inserted into the pulmonary artery. The pulmonary
circulation was then perfused with 20 mL saline over 60 s
to eliminate dye present in the pulmonary circulation. The
trachea and lungs were dissected out en bloc, the
parenchyma was carefully scraped off and extraneous
tissue was removed. The trachea, main bronchi, inter-
mediate bronchi and peripheral bronchi were then
separated from each other. All tissues were weighed wet
and Evans blue dye was extracted by keeping tissues in
2 mL formamide in a 40°C water bath overnight.
Absorption at 650 nm was measured in a spectro-
photometer (Vmax Kinetic Microplate reader; Molecular
Devices Corp., Menlo Park, CA, USA). Extravasated
Evans blue dye was quantified by interpolation on a
standard curve of dye concentrations in the range of
0.5-10 uq/rnl, and was expressed as ng dye/mg wet
tissue.
Protocols
Protocol 1
Animals were divided into four groups in order to study
the effects of endotoxin on bronchial responsiveness to HI
in actively sensitized and non-sensitized animals: (i)
group A, non-sensitized/saline-exposed; (ii) group B,
non-sensitized/endotoxin-exposed; (iii) group C, sensi-
tized/saline-exposed; and (iv) group D, sensitized/-
endotoxin-exposed.
Measurements were made 24 h after exposure to
saline or endotoxin at 21 days after the initial
sensitization injection. Animals were anesthetized and
were prepared as described earlier. The RL value before
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HI challenge was used as baseline RL• Intravenous bolus
injections of increasing concentrations of HI (10, 30 and
100 umol/kq) were administered consecutively at 10
min intervals, which allowed RL to return to its
prechallenge level. Hyperinflation with twice the tidal
volume applied between each challenge was performed
by manually blocking the outflow of the ventilator. Bron-
chial responsiveness to HI was expressed as percentage
increase in RL over the baseline RL and was evaluated by
-log PC250 HI, which is the -log 10 transformation of the
provocative concentration of HI producing a 250%
increase in RL•
Protoco/2
To study the effects of endotoxin on bronchial respon-
siveness to SP in actively sensitized and non-sensitized
animals, animals were divided into four groups, as for
protocol 1: (i) group E, non-sensitized/saline-exposed; (ii)
group F, non-sensitized/endotoxin-exposed; (iii) group G,
sensitized/saline-exposed; and group H, sensitized/endo-
toxin-exposed.
Measurements were made as in protocol 1. Intravenous
bolus injections of increasing concentrations of SP (1, 3
and 10 nrnol/kq) were administered consecutively at 10
min intervals. Bronchial responsiveness to SP was
expressed as percentage increase in RL over the baseline
RL and was evaluated by -log PC250 SP.
Protoco/3
We examined whether endotoxin-induced changes in
bronchial responsiveness to SP were mediated through the
augmentation of AML, measuring Evans blue dye
extravasation as a marker of AML. Animals were divided
into two groups in order to study the effects of endotoxin on
bronchoconstriction and AML induced by the i.v. adminis-
tration of 3 nrnol/kq SP: (i) group I, saline-exposed; and (ii)
group J, endotoxin-exposed.
Animals were prepared as described earlier. After
measuring the baseline RL value, Evans blue dye
(20 mg/kg, i.v.) was injected slowly for 1 min, then
3 nmol/kg SPwas administered by in a bolus dose. Both
RL and BP were recorded every 5 s for 5 min after
SP injection.
Drugs
The following drugs were used: Al(OHh, BSA, captopril,
LPS (Esherichia coli 0111 :B-4), DAGNPG, chicken oval-
bumin, phosphoramidon, histamine dihydrochloride, Sp'
urethane, Evans blue dye (Sigma Chemical Co., St
Louis, MO, USA); atropine sulfate (Tanabe Pharma-
ceutical Co., Osaka, Japan); propranolol hydrochloride
(Sumitomo Pharmaceutical Co., Osaka, Japan); and
pentobarbital sodium (Abbott Laboratories, North
Chicago, IL, USA). Recombinant human NEP was a gift
from Dr J Bridenbaugh (Genentech Inc., San Francisco,
CA, USA).
Data analysis
All values are expressed as the mean ± SEM. Levels of
significance between the dose-response curves of
percentage increase in RL from different groups were
calculated by two-way analysis of variance (ANOVA). For
comparing other parameters, the Mann-Whitney U-test
(two-tailed) was used to test the significance of differ-
ences between means of two independent groups. P
values less than 0.05 were considered to be significant.
--_ .. ~~.- ----- ~~
Table 1.
Group
Characteristics of each of the four experimental groups and treatments performed for each group in protocols 1 and 2
n Bodyweight (g) Treatment Baseline RL Baseline BP
(cmH20/L per s) (mmHg)
---~~~---
Protocol 1
A 8 481 ± 15 Non-sens/saline 161 ± 17 49 ± 4
B 8 478 ± 21 Non-sens/endotoxin 182 ± 16 51 ± 3
C 8 424 ± 14 Sens/saline 158 ± 9 46 ± 2
D 8 450 ± 14 Sens/endotoxin 204 ± 12 54 ± 2
Protocol 2
E 7 417 ± 20 Non-sens/saline 185 ± 14 40 ± 3
F 8 394 ± 15 Non-sens/endotoxin 215 ± 11 51 ± 5
G 7 387 ± 17 Sens/saline 165 ± 12 44 ± 4
H 8 404 ± 14 Sens/endotoxin 199 ± 11 40 ± 3
RLt lung resistance; Bp, blood pressure; Non-sens, non-sensitized; Sens, sensitized.
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Cellular content of BALF
RESULTS
A total volume of 25 mL saline was used for lavage and
18-20 mL were recovered. Table 2 summarizes the
values of total cell numbers and differential cell counts in
BALF for protocols 1 and 2. Endotoxin-treated animals
showed a significant increase in total cell numbers,
characterized by a neutrophilia in BALF, but no significant
differences between the sensitized and non-sensitized
animals were observed.
Characteristics of each four experimental groups in proto-
cols 1 and 2 are shown in Table 1. Figure 1a,b depicts
increases in percentage increase in RL after intravenous
administration of HI and Sp' respectively. A significant
increased reactivity of bronchi to Sp' but not to HI, was
observed in endotoxin-exposed animals (group F: P <
0.05; group H: P < 0.01; ANOVA) compared with the
control group E. While bronchial responsiveness to HI did
not change (Fig. 2a), endotoxin-exposed animals (groups
F and H) showed significant increases in -log PC250 SP
(8.61 ± 0.09 (P < 0.05) and 8.66 ± 0.08 (P < 0.01)
for groups F and H, respectively) compared with the
control group E (8.31 ± 0.06; Fig. 2b). The actively
sensitized animals (group G) showed a tendency for an
increase in the value of -log PC250 SP (8.47 ± 0.06; P <
0.1) compared with that of the control group E.
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Fig. 1 (a) Percent increases in lung resistance (RLl induced by
10, 30 and 100 urnol/kq histamine 24 h after exposure to
either saline for 40 min (0, non-sensitized animals (group A);
6, sensitized animals (group C) or endotoxin (75 ~g/mL saline)
for 40 min, (e, non-sensitized animals (group B); A sensitized
animals (group 0)). Values are the mean ± SEM. There were
no significant differences among the groups. (b) Per cent
increases RL induced by 1, 3 and 10 nmol/kg substance P24 h
after exposure to either saline for 40 min (0, non-sensitized
animals (group E); 6, sensitized animals (group G) or to
endotoxin (75 ~g/mL saline) for 40 min (e, non-sensitized
animals (group F); A, sensitized animals (group H)). Values are
the mean ± SEM. *P < 0.05, **P < 0.01 compared with
control (group E) and determined by ANOVA.
Neutral endopeptidase activity
Figure 3a,b shows the mean activities of NEP in the
airways in each four groups for protocols 1 and 2,
respectively. In protocol 1, there were significant
decreases in NEP activity in endotoxin-exposed animals
(1456 ± 77 and 1390 ± 69 fmol/mg protein per min in
groups B (P < 0.05) and D (P < 0.01), respectively,
compared with 1665 ± 37 fmol/mg protein per min in
control group A). Sensitization per se also had a
significant inhibitory effect on NEP activity (group C:
1464 ± 62 fmol/mg protein per min; P < 0.05)
compared with that of control group A. In protocol 2,
there were also significant decreases in NEP activity in
endotoxin-exposed animals (1186 ± 68 and 1214 ±
69 fmol/mg protein per min in groups F (P < 0.01) and
H (P < 0.01), respectively) compared with control (group
HGFEDcBA
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Fig. 2 (a) -Log 10 transformation of the provocative concentration of histamine (HI) producing a 250% increase (PC2sol in lung
resistance (RL) for four groups: group A, non-sensitized and exposed to saline for 40 min; group B, non-sensitized and exposed to
endotoxin (75 uq/rnl, saline) for 40 min; group C, sensitized and exposed to saline for 40 min; and group 0, sensitized and exposed
to endotoxin (75 uq/rnl, saline) for 40 min. Values are the mean ± SEM. There were no significant differences among the groups.
(b) -Log 10 transformation of the PC2S0 of substance P (SP) for four groups: group E, non-sensitized and exposed to saline for 40 min;
group F, non-sensitized and exposed to endotoxin (75 ~g/mL saline) for 40 min; group G, sensitized and exposed to saline for 40
min; and group H, sensitized and exposed to endotoxin (75 ~g/mL saline) for 40 min. Values are the mean ± SEM. #p < 0.1, *P <
0.05, **P < 0.01 compared with control (group E). (0), saline; (_), endotoxin.
Table 2. Total cell counts and differentiated cell counts (x 106) in bronchoalveoalar lavage fluid in each group in protocols 1
and 2
Group n Total cell Macrophage Neutrophil Lymphocyte Eosinophil Epithelial
cell
-~~~--_._-_._-~-- ~~~------ --- -----_._----_.~--
Protocol 1
A 8 11.6 ± 2.9 9.8 ± 2.9 0.3 ± 0.1 0.6 ± 0.1 0.2 ± 0.1
B 8 92.1 ± 20.5** 38.5 ± 10.5* 48.8 ± 14.2** 3.3 ± 0.9* 0.5 ± 0.3
C 8 15.2 ± 2.7 13.6 ± 2.4 1.0 ± 0.6 1.4 ± 0.4 0.4 ± 0.2
0 8 78.8 ± 15.3** 37.4±7.1** 45.6 ± 5.7** 3.9 ± 1.6** 1.9 ± 1.2
Protocol 2
E 7 29.8 ± 11.5 20.6 ± 5.2 7.1 ± 7.0 1.3 ± 0.3 0.6 ± 0.3
F 8 114.8 ± 12.lt 24.7 ± 11.2 83.2 ± 8.9 t 4.3 ± 1.4 1.6 ± 1.0
G 7 24.4 ± 7.1 18.9±5.4 1.5 ± 0.7 2.5 ± 1.0 1.3 ± 0.8
H 8 118.5 ± 22.6t 28.5 ± 5.4 84.6 ± 18.6t 3.0 ± 0.8 1.2 ± 0.6
*P < 0.05, **P < 0.01 compared with group A; tp < 0.01 compared with group E.
0.1 ± 0.0
0.5 ± 0.1
0.2 ± 0.0
0.4 ± 0.2
0.2 ± 0.1
1.0 ± 0.4
0.2 ± 0.1
1.0 ± 0.6
E: 1551 ± 78 fmol/mg protein per min). Sensitization
per se also had a significant inhibitory effect on the NEP
activities (group G: 1313 ± 49 fmol/mg protein per
min; P < 0.05) compared with that of the control group
E. While no significant correlation between -log PC250 HI
and NEP activities in the airway was observed in four
groups for protocol 1 (Fig. 4a), a significant inverse
correlation between -log PC250 SP and NEP activity in the
airways was observed in four groups for protocol 2 (r =
-0.55; P < 0.001; Fig. 4b).
7.5-1--.,....-....,...-....,...-....,...-....,...-...,...--
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NEP activity (fmol/mg protein per min)
Fig.4 (a) Relationship between -log PC250 histamine (HI) and
the activity of neutral endopeptidase (NEP) in the airways in all
animals ofthe four groups, A, S, C and D.There is no significant
correlation between the two parameters (Spearman's
correlation coefficient (r) = -0.22, NS). (b) Relationship
between -log PC250 substance P (SP) and the activity of NEP in
the airways in all animals of the four groups, E, F, G and H.
There is a significant inverse correlation (Spearman's
correlation coefficient (r) = -0.55, P < 0.001).
Effect of endotoxin on AML
There was no significant difference in weight, baseline
RL or baseline BP measured prior to 3 nmol/kg Sp, i.v.,
challenge in the two groups as summarized in Table 3.
Intravenous administration of 3 nmol/kg SP caused an
increase in RL, peaking at approximately 1 min, and a
HG
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Fig. 3 (a) Neutral endopeptidase (NEP) activity in the airways
in each group of animals: group A, non-sensitized and exposed
to saline for 40 min; group S, non-sensitized and exposed to
endotoxin (75 uq/rn! saline) for 40 min; group C, sensitized
and exposed to saline for 40 min; and group D, sensitized and
exposed to endotoxin (75 f.lg/mL saline) for 40 min. Values are
the mean ± SEM. *P < 0.05, **P < 0.01 compared with
control (group A). (b) Neutral endopeptidase activity in the
airways in each group of animals: group E, non-sensitized and
exposed to saline for 40 min; group F, non-sensitized and
exposed to endotoxin (75 f.lg/mL saline) for 40 min; group G,
sensitized and exposed to saline for 40 min; and group H,
sensitized and exposed to endotoxin (75 f.lg/mL saline) for 40
min. Values are the mean ± SEM. *P < 0.05, **P < 0.01
compared with control (group E). (0), saline; (_), endotoxin.
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548 ± 10
533 ± 8
8
8
Group
Table 3. Characteristics of two experimental groups and treatments performed for each group in protocol 3 _~_~__~__
n Bodyweight (g) Treatment Baseline RL Baseline BP
(cmH20/L per s) (mmHg)
----- _ ..._--------~ ------.--- --- --------.------ - ------------_.._--------------
234 ± 41 42 ± 4
224 ± 21 45 ± 4
RL1 lung resistance; Bp, blood pressure.
Fig. 5 (a) Time courses of changes
in lung resistance (RL) and mean
systemic blood pressure (BP) induced
by an intravenous bolus injection of
3 nmollkg substance P (SP) in two
groups, one (control group) exposed
to saline for 40 min (0) and another
exposed to endotoxin (75 /lg/mL
saline) for 40 min (e). *P < 0.05
compared with the control group.
(b) Maximal changes in per cent
increase in RL induced by an
intravenous bolus injection of 3
nmollkg SP in two groups, one
exposed to saline (0) and the other
to endotoxin (.). *P < 0.05 com-
pared with the control saline group.
(c) Changes in airway microvascular
leakage as quantified by Evans blue
dye extravasation in the trachea,
main bronchi, intermediate bronchi
and peripheral bronchi induced by
an intravenous bolus injection of 3
nrnol/kq SP in two groups, one
exposed to saline (0) and the other
to endotoxin (.).
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decrease in BP (Fig. Sa). While endotoxin-exposed
animals showed a significantly greater increase in the
maximal values in percentage increase in RL (246.6 ±
22.0 to 167.6 ± 26.6%; P < 0.05; Fig. 5b), there
were no significant differences in the values of
extravasation of Evans blue dye in any part of the
tracheobronchial tree between the two groups
(Fig.5c).
DISCUSSION
We have demonstrated that endotoxin exposure induced
preferential BHR to SP associated with airway inflam-
mation characterized by neutrophilia in BALF. The present
results also show that active sensitization per se may
affect bronchial responsiveness to SP without augmenting
endotoxin-induced airway inflammation. We attempted
to elucidate the underlying mechanisms by which endo-
toxin induced a subsequent increase in the broncho-
constrictor effect of SP and by which active sensitization
per se may prime bronchial responsiveness to SP' Neutral
endopeptidase activity in airway tissues was significantly
reduced by endotoxin-exposure, and this reduction was
greater than that by active sensitization per se, indicating
a significant inverse correlation to the degree of
bronchial responsiveness to SP' Next, we studied the
changes in AML induced by 3 nmol/kg Sp' at a concen-
tration that induced a significant increase in the broncho-
constrictor effect of SP in endotoxin-exposed animals.
There were no significant differences in SP-induced AML
between saline- and endotoxin-exposed animals. These
data suggest that an increased bronchial responsiveness
to SP following endotoxin exposure may be secondary to
a reduction in airway NEP activity and that BHR to SP
induced by endotoxin was not mediated by an augmen-
tation of AML.
Increased bronchial responsiveness to SP has also
been reported to be induced by several proinflammatory
agents, such as TDI,15 cigarette smoke 16 and viral
Infection." through an inactivation of airway NEP in
guinea pigs. Although the common mechanism by which
these agents, including endotoxin, inactivate airway NEP
is not known, a direct inactivation of airway NEp15 and
damage of airway epithelial cells'? has been postulated.
There were interesting results reported by Dusser et 0/.,16
who suggested the involvement of free radicals in the
inactivation of NEP. Endotoxin enhances the secretion of
oxygen radicals from neutrophils.F whose hypochlorous
acid, containing a product of neutrophil myeloperoxi-
dase-catalysed oxidation of chloride with O 2-, is involved
in an inactivation of NEp'23 In addition, endotoxin induces
the release of tumour necrosis factor and interleukin (IL)-
1 from alveolar rnccrophcqes.?" Tsukagoshi et 0/. 25 have
shown that interleukin- 1~ induced NEP hypoactivity in the
rat airway associated with BHR to bradykinin. These
observations suggest the possibility that endotoxin may
inactivate airway NEP directly by damaging airway
epithelial cells and/or indirectly through other sub-
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stances, including free radicals and cytokines from some
inflammatory cell sources.
Previous reports have shown that endotoxin exposure
induced increases in the numbers of neutrophils,
monocytes, eosinophils and lymphocytes in the airways
of guinea piqs.!" However, in the present study there was
no significant increase in the numbers of eosinophils in
BALF after endotoxin exposure, even in actively sensi-
tized animals. We could not determine which cell type in
the airways was affected to decrease NEP activity.
Although the precise mechanism by which active sensiti-
zation per se induced an inactivation of NEP in the
airway tissues has not been known, our data indicate
that atopies may be more susceptible to neurogenic
inflammation via the release of a tachykinin, such as Sp'
than non-atopies.
In the present study we did not find any increasing
effects of endotoxin on bronchial responsiveness to HI
24 h after LPS exposure. This is in agreement with the
observation that endotoxin induced bronchial hypo-
reactivity to HI 24 h after LPS inhalation in guinea piqs.?
In contrast, Jerrau et 0/. 8 have shown that endotoxin
increases bronchial responsiveness to HI 4 h after LPS
inhalation in guinea pigs, suggesting that this discre-
pancy may be due to the increased secretion of
catecholamines after the administration of LPS, which
contributes to the reduced bronchial responsiveness to
HI. Therefore, propranolol and atropine were used in the
present study to eliminate adrenergic and cholinergic
effects on bronchial responsiveness to HI and SP' It was
supposed from the results of the present study that
endotoxin-induced changes in bronchial responsiveness
to HI may be dependent on the timing of assessment; that
is, increasing at an early phase and returning to baseline
level at a late phase, as shown previously in rat bronchial
. t toni 26responsiveness 0 sero orun.
It is concluded from the present data that airway NEP
activity is an important determinant for bronchial respon-
siveness to SP and that active sensitization per se may
have a priming effect on bronchial responsiveness to SP
via a down-regulation of NEP in the airway tissues of
guinea pigs.
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